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Linkage of epidemiological registries can provide cost-effective in-
formation on the associations between different diseases or exposures
in the population under study and on completeness of surveillance
system databases. We describe the program SALI (software for auto-
mated linkage in Italy) aimed at matching individual records from
medium-sized registries (in the order of 100,000 records), where the
desired outcome is to miss as few links as possible and, because of
low link-likelihood (,1%), a manual revision of matched pairs is
feasible. SALI, developed in CA-Clipper language, uses registry files
in dBase format. It requires only name, surname, and date of birth as
key fields, and it allows for spelling errors in Italian or other Latin
languages through a specific algorithm. Furthermore, a double-blind
procedure ensures data confidentiality. The main linkage procedure is
based on four stages, two automatic ones, and two where the operator
can decide through specific windows whether to accept stage-selected
matches. SALI takes into account possible errors in key fields thus
reducing false negatives. It was used to solve the problem of linkage
between AIDS and cancer registries in Italy. It can be used with every
IBM-compatible computer system, assuring uniquely high porta-
bility. q 2001 Elsevier Science (USA)
Availability: The program SALI is available from the corresponding
author only for scientific purposes and after a written request. A citation
of authors is also required.
1Contract grant sponsor: Ministero della Sanita`, Istituto Superiore
di Sanita`, ISS 1999, Contract 20C/1.1 and the Italian Association for
Cancer Research, Milan.
2To whom correspondence and reprint requests should be addressed
at Servizio di Epidemiologia, Centro di Riferimento Oncologico, Via
Pedemontana Occ., 33081 Aviano (PN), Italy. Fax: 139(0434)659.222.
E-mail: epidemiology@cro.it.
1532-0464/01 $35.00 387
q 2001 Elsevier Science (USA)
All rights reserved.Key Words: linkage; software; AIDS; cancer registries; epidemiol-
ogy; Italy; Clipper; dBase.
INTRODUCTION
The linkage of subjects from different registries may select
interesting subpopulations which, at the same time, have the
characteristics sought for by all of the registries linked.
In the aims of epidemiological research, this would single
out groups of subjects experiencing more than one event of
epidemiological interest, potentially providing cost-effective
information on the association between different diseases or
exposures in the population under study. In recent years,
rapid developments in computer processing techniques have
made record linkage with a limited set of personal identifiers
more efficient and more reliable. Detailed reviews of linkage
methods and implementations have been discussed recently
[1–7]. This methodology is particularly interesting in obser-
vational and analytical studies and many applications have
been performed [8–10].
Theoretically, linkage between two data sources (e.g., pop-
ulation-based registries) is possible whenever both sources
share information on a number of attributes sufficient to
with a lower specificity (although no less than 50%), could
take into account at least the most common Italian spelling388
identify univocally a subject (i.e., to form a unique key). In
practice, the linkage must be performed taking into account
various disturbance factors such as nonhomogeneous defini-
tions of the common fields in the two sources, different
assumptions in data collection, or errors in the data input.
Confidentiality restrictions on personal data treatment [1,
11] and, often, the large size of the involved data sources
require computer-aided treatment of the problem [2, 3].
Many theoretical solutions for record linkage have been
proposed [4, 12], and can be divided into deterministic and
probabilistic procedures.
Deterministic record linkages are based on the exact corre-
spondence (matching) of some identifying information such
as Social Security number or equivalent keys. The correspon-
dence could be based on complex combinations of fields,
e.g., dates of birth and hospitalization, sex and hospital
identification code [5]. Generally, this kind of procedure
requires some manual inspection of matched records.
Probabilistic procedures are based on weights assigned to
key fields’ values according to their ability to discriminate
matched and unmatched pairs [4]. A score is then assigned
to each pair, summing up the weights associated with the
concordant key fields’ values: the higher the sum, the greater
is the probability of having identified a true match. A cutoff
is then chosen to minimize false matched pairs and missed
matches. The sum of the weights is valid under the assump-
tion of independence between the components [2].
Clark and Hahn [13] demonstrated that, using the same
data, the outcomes are similar, but probabilistic procedures
appear to be more adaptable, at least when large amount of
data must be linked.
Specific Problem: Linkage of AIDS and Cancer Registries
The epidemiology of AIDS-associated cancers until the
early 1990s was based on clinical and cohort studies [14].
In Italy, the only population-based information on AIDS
and selected cancer types was derived from the National
Registry of AIDS (RAIDS) [15]. RAIDS reported, how-
ever, information only for tumors which were included in
the AIDS definition (i.e., Kaposi’s sarcoma, non-Hodgkin
lymphoma, and after 1993, invasive cervical cancer, when
diagnosed within 2 months from AIDS diagnosis) [16, 17].
To evaluate the burden of cancer in people with AIDS, the
linkage of AIDS surveillance data with Cancer Registries
(CRs) was carried out in the United States [18] and in
Italy [19].
Several specific linkage software programs have alreadyDAL MASO, BRAGA, AND FRANCESCHI
been proposed, especially for the implementation of proba-
bilistic procedures [2–4] or inclusion of errors in computer-
ized identifying information [5]. In particular, Jaro [3] de-
scribed a program for a generalized record linkage, which
was, later, used to link AIDS to CRs data in the United
States [18, 20]. However, since we were working with
smaller registries than the United States and much fewer
expected linked cases, we were interested in a linkage
procedure that emphasized sensitivity (possibly 100%).
This meant the implementation of an algorithm which, evenerrors, such as transcription of only one constituent (sur)-
name of a compound one (i.e., just Levi instead of Levi
Montalcini), spelling errors in names containing apostro-
phes (i.e., D’Avanzo sometimes spelled as Davanzo or Da
Vanzo), or misuse of accents (i.e., Fae` or Fae for Fae´).
PROGRAM STRUCTURE
Main Program Characteristics
In Italy, AIDS and CRs do not contain a subject’s unique
identifier across registries, thus, precluding the use of pure
deterministic procedures. Moreover, the set of variables col-
lected by the 13 CRs involved in the study (each one of
them having a separate dataset) was not homogeneous [19].
Therefore, we had to use only name, surname, and date of
birth as key fields for the linkage algorithm as they are the
only variables systematically collected by all of the CRs
other than sex, tumor type, and date of diagnosis.
On account of confidentiality restrictions, CRs had to be
personally visited, with a copy of the RAIDS file, to match
subjects present in both files and extract anonymous infor-
mation. This implied the development of a software which,
at the same time, could be easily transportable and did not
make any assumption (demands) on the hardware where it
had to work and on the software originally used to store data.
We therefore considered developing a Ca-Clipper [21]
linkage software running on dBase format (DBF) [22] data
files. This choice had several advantages of which the most
important was the existence of simple conversion tools to
DBF provided by all the available software products used
to store registry data. Moreover, Clipper was specifically
developed to handle DBF files and a copy of the Clipper
compiler was easy to carry, thus allowing modification to
the procedure for unforeseen needs. Minimal requirements
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are IBM-compatible computers with at least 286 processor
and 4 Mb RAM. However, more powerful processors and
a higher amount of RAM can greatly increase operational
speed.
Input Registry Files Requirements
Input registry files must be DBF files including at least
the fields (all of “Character” type) shown in Table 1. Record
identification number (ID in Table 1) must be univocal.
There is no requirement on the name and position of these
fields in the files. Every other field is written in the output
file, but it is not necessary for matching purposes. As the
program modifies these files during the preparation phase
(e.g., it removes non-alphabetic characters from name and
surname fields and reformats day/month/year of birth fields),
working on copies of the original files is advisable.
950002 Rossi Alberto
950003 Vinci Leonardo
970002 Cerri Mario
Note. ID, univocal identification number; S, surname; N, name; DD, da
(4 digits); OV, other variables.
a Names are only for example purposes and do not refer to existing pers
b Other eventually present variables (here OV) are not necessary for mat
matched records.389
mance since the subjects in the second file are searched for
in the first one by means of an index.
Input Parameters
As the program starts execution, the operator is prompted
by the first window (Fig. 1) to supply information on: (1)
name and path of the two input files, (2) if these files have
already undergone the preparation phase (in which case this
phase will be skipped), and (3) if indexes on the first file
have already been built (in which case indexes will not
be rebuilt).
The name and path of the output file to be created is also
requested. If the file already exists, the operator must choose
between overwriting the file and changing name of the out-
put file.
If no problems are detected in either input or output files
(nonexistence of the input files, presence in both input filesNames of fields in the two files must be different, other-
wise the program will terminate requiring a change of names of fields with the same name, impossibility to create or
overwrite the output file), two windows are displayed inbefore restarting the procedure.
Placing the largest file first improves software perfor- sequence requesting information about the position of the
TABLE 1
Example of the Variablesa Contained in Input Files Used by the Linkage Program
(A) File 1
ID 1 S 1 N 1 DD 1 MM 1 YY 1 OV 1b
00001 DAVANZO GIULIO 31 1 1965 . . .
00002 BRUSA PASQUE’ SILVIA 22 2 1933 . . .
00003 MUNOZ CARLOSALBERTO 17 1 1965 . . .
00004 FERRARI MARIA LUISA 7 9 1910 . . .
00005 ROSSI LUCA ALBERTO 28 4 1934 . . .
00006 DA VINCI LEONARDO 9 11 1940 . . .
00007 PERRI MARIO 15 6 1960 . . .
(B) File 2
ID 2 S 2 N 2 DD 2 MM 2 YY 2 OV 2b
940001 D’ Avanzo Giulio 31 01 1965
950001 Brusa Pasque` Silvia 17 02 1933 . . .
960001 Mun˜oz Carlos 17 01 1965 . . .
970001 Ferrari M. Luisa 07 09 1910 . . .28 04 1940 . . .
09 11 1940 . . .
15 06 1960 . . .
y of birth (2 digits); MM, month of birth (2 digits); YY, year of birth
ons.
ching purposes but they are used for subsequent manual verification of
390 FRANCESCHI
on pFIG. 1. Window requiring information
compulsory fields in the first and second input file, respec-
tively (Fig. 2).Data Treatmen
Input files ar
a. Creation
An empty
the two input f
FIG. 2. Window requiring information about positiaths and names of input and output files.
information about the stage in which the two subjects
were matched;DAL MASO, BRAGA, ANDb. Preparation:
Every nonalphabetic character is trimmed from name
abetic charac-
haracters with
, respectively.
ted convertingt
and surname fields of the input files, while alph
ters are converted to upper cases. Thus, ce then processed through the following steps:
accents or tilde, as e` or n˜, become E and Nof the output file:
Day, month, and year of birth are re-formatoutput file is created merging all fields in
iles and adding yet another field which yields eventual blanks to “0”;.on of the compulsory fields in the first input file.
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c. Indexing:
Two indexes are built on surname and date of birth
fields of the first input file, respectively;
d. Linkage:
The linkage process is divided into four stages run in
sequence. The detailed conditions required to match records
are shown in Table 2.
Completely automatic linkage occurs at stages 0 and
1, while during stages 2 and 3 some interaction of the opera-
tor is required to decide whether to match couples according
to the stage criteria. The user is aided in the decision process
by specific masks. In particular, for each potential match
found, in stage 2, the dates of birth are displayed (Fig. 3),
while in stage 3 the two surnames are shown through sym-
bols (Fig. 4). The symbols “*” and “$” are placed if the
corresponding character is found in both surnames in the
same position or in a different position, respectively, while
“-” is placed if the corresponding character is found only
in one surname.
Matches already performed in a previous stage are
skipped.
During execution, the program displays its progress
maintaining a count of the records scanned in the second
registry file (assumed as base file for the search) during the
2 As above As above
3 For each surname a maximum of 4 As above
characters not found in the other
and a common substring at least 2
characters long
a Matches already performed in a previous stage are skipped.with 01).
Subjects without discrepancies in surname, name, anddate of birth are matched at stage 0 automatically (Table 3,current stage, and displaying stage specific and global counts
of accepted matched pairs (Figs. 3 and 4). first record; i.e., DAVANZO GIULIO). The same occurs
when the only difference between the pair is that one of thee. Deleting (erasing) names and surnames from the out-
put file: records has only a portion of the other name (e.g., CARLOS-
ALBERTO and CARLOS) (Table 3, second record).To maintain the secrecy of sensitive data, the content
TABLE 2
Conditions Required to Match Records by Different Stage
Key variables User
intervention
Stagea Surname Name Date of birth required
0 First 10 characters equal One of the two names contained in the other, Equal No
using only the first 15 characters for
longer names
1 As above As above or first 7 characters equal or one Year equal No
name without the first letter contained in
the other391
of the corresponding fields in the output file is replaced by
an asterisk.
EXAMPLE
An application of the program using two-test registry files
with seven records, each illustrating paradigmatic situations
of possibly matched records and frequently observed dis-
crepancies, is herein described (Table 1). Names and sur-
names are only for example purpose and do not refer to
existing persons. They are never visible to operators and are
shown in the Table 3 only to illustrate the algorithm.
As shown in Table 3, the preparation phase removes from
names and surnames those characters from which spelling
errors could potentially arise (thus BRUSA PASQUE’ and
Brusa Pasque` are replaced by BRUSAPASQUE, Mun˜oz by
MUNOZ, D’Avanzo by DAVANZO) and/or homogenizes
their presentation eliminating case differences. Day, month,
and year of birth formats are homogenized also, adding “0”
instead of “blank” (Table 1A, first record: i.e., 1 is replacedAt least 7 common digits Yes
and at least 5 digits in
the same position
Equal (month and day al- Yes
lowed to be reversed)
392 SCHI
allowFIG. 3. Example of information displayed at stage 2, whichTh
match
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and/o
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FIG. 4. Example of information displayed at stage 3, which allows the operator to decide whether to accept the current match.DAL MASO, BRAGA, AND FRANCEion,
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elaxird and fourth records of Table 3 are examples of These first two stages run without any user intervent
since they assume the singled-out matches to be of ses at stage 1, and the allowed discrepancies are shown
derlined fields. This stage allows for errors in day strength, and that any additional check would be perfor
only with manual inspection of other common variar month of birth and for various name transcription
ems (use of abbreviations or dropping of some parts eventually collected.
On the other hand, stages 2 and 3 substantially rmpound names) in subjects with the same surname.s the operator to decide whether to accept the current match.
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requirements on key fields’ correspondences and, therefore,
need some immediate operator inspection of the couples
selected. In particular, stage 2 is designed to find pairs shar-
ing the same surname and other key fields, taking into
account some transcription errors in name and in the year
of birth. In such cases (Table 3, fifth record), the user is
asked to evaluate whether the records refer to the same
subject (Fig. 3, refers to ROSSI). The pair is thus matched
according to operator’s answer (yes or no), based only on
information displayed on Fig. 3.
Stage 3 allows for spelling errors in surname between pairs
with the same date of birth (with day and month eventually
reversed) and equivalent names across transcription errors
such as those allowed in stages 1–2. Figure 4 (referring to
DAVINCI in Table 3) is an example of decision in stage 3.
The displayed window provides information on length of
the greatest common substring, length of the two surnames,
and position of common characters in the same or different
positions. The real characters are encrypted (blinded) to
prevent the operator from reading the surnames of persons
involved in the procedure.
In the output file, for all the stages described, a manual
inspection of other common fields possibly present in the
two registries allows elimination of falsely positive matches.
In our example (Table 3), all subjects could be reviewed
using other variables such as gender (G 1 and G 2) and
place of birth (PB 1 and PB 2). Since almost all theE FOR AUTOMATED LINKAGE IN ITALY (SALI)
a
Co
nt
en
tw
ith
In
di
ca
tio
n
o
fL
in
ka
ge
St
ag
e
in
W
hi
ch
Su
bje
cts
A
re
Li
nk
ed
N
1
D
D
1
M
M
1
Y
Y
1
G
1
PB
1
O
V
1
ID
2
S
2
N
2
D
D
2
M
M
2
Y
Y
2
G
2
PB
2
O
V
2
G
IU
LI
O
31
01
19
65
1
06
70
01
.
.
.
94
00
01
D
AV
AN
ZO
G
IU
LI
O
31
01
19
65
M
06
70
01
.
.
.
CA
RL
O
SA
LB
ER
TO
17
01
19
65
1
01
50
23
.
.
.
96
00
01
M
U
NO
Z
CA
RL
O
S
17
01
19
65
M
01
50
23
.
.
.
E
SI
LV
IA
22
02
19
33
2
01
50
23
.
.
.
95
00
01
BR
U
SA
PA
SQ
UE
SI
LV
IA
17
02
19
33
F
01
50
23
.
.
.
M
AR
IA
LU
IS
A
07
09
19
10
2
01
50
23
.
.
.
97
00
01
FE
RR
AR
I
M
LU
IS
A
07
09
19
10
F
01
50
23
.
.
.
LU
CA
AL
BE
RT
O
28
04
19
34
1
00
81
23
.
.
.
95
00
02
RO
SS
I
AL
BE
RT
O
28
04
19
40
M
00
81
23
.
.
.
LE
O
NA
RD
O
09
11
19
40
1
04
60
26
.
.
.
95
00
03
VI
NC
I
LE
O
NA
RD
O
09
11
19
40
M
04
60
26
.
.
.
M
AR
IO
15
06
19
60
1
09
20
15
.
.
.
97
00
02
CE
RR
I
M
AR
IO
15
06
19
60
M
00
81
23
.
.
.
ge
;I
D
,u
n
iv
oc
al
id
en
tif
ic
at
io
n
n
u
m
be
r;
S,
su
rn
am
e,
N
,n
am
e;
D
D
,d
ay
o
f
bi
rth
(2
di
gi
t);
M
M
,m
o
n
th
o
f
bi
rth
;(
2
di
gi
t);
Y
Y,
ye
ar
o
f
bi
rth
(4
di
gi
t);
ian
co
de
);
G
,g
en
de
r;
O
V,
o
th
er
v
ar
ia
bl
es
.U
nd
er
lin
ed
fie
ld
s
re
pr
es
en
t
di
sc
re
pa
nc
ie
s.
U
nd
er
lin
ed
lin
es
ar
e
n
o
t
pr
es
en
t
in
th
e
o
u
tp
ut
fil
e
an
d
ha
ve
po
se
.
es
(in
ita
lic
s)
ar
e
o
n
ly
fo
re
x
am
pl
e
pu
rp
os
es
,d
o
n
o
t
re
fe
rt
o
ex
ist
in
g
pe
rs
on
s,
an
d
ar
e
re
pl
ac
ed
by
an
as
te
ris
k
at
th
e
en
d
o
ft
he
pr
oc
ed
ur
e.subjects are concordant, we can confirm all as true positive
matches, except the last one (PERRI) that shows discrepanc-
ies on both surname and place of birth. Obviously, for com-
plex situations, other variables present in both files should
be checked.
DISCUSSION
We developed a software (SALI) to perform linkage of
population registries providing minimal essential informa-
tion (name, surname, and date of birth) to build the matching
key. The program was optimized for the linkage of archives
in the order of 100,000 records each, with a link likelihood
of ,1%, and the desired outcome of missing as few subjects
as possible. This was achieved by allowing the software to
match subjects taking into account the most frequent spelling
errors in Italian names and, to some extent, names from
other languages of Latin origin.
The data treatment adopted hereby ensures great sensitiv-
ity at the software level (almost 100%). When compared
ment and maintenance of the quality of surveillance sys-394
with two manual linkages performed previously in Genoa
[23] and in the province of Florence [24], this software was
able to identify all manually singled up subjects (44 in Genoa
and 25 in Florence, sensitivity of 100%).
On the other hand, because of relatively low specificity
(in the order of 70%), SALI requires some manual inspection
of data to discard falsely matched subjects, using some addi-
tional information from the matched records (i.e., fields other
than key fields present in both databases). However, stages
from 0 (all matching keys equal) to 3 (partial matching)
distinguish the certainty of linkages, thus highlighting when
a more accurate manual examination is needed.
Assumptions made in our algorithm can also be applied
to names from Latin languages other than Italian. In fact,
in Latin languages, non-alphabetic characters are often coded
with errors, considering that apostrophes have poor phonetic
difference from blanks and accents (or tildes). Moreover,
surnames with more than one word are not infrequent, and
the lack of a group of characters from one of the names
being compared should not be a sufficient exclusion criteria.
Other languages may obviously request the use of gender
as a key field but it was not considered as a matching variable
in SALI, even if it was always present in both registries. In
Italy, gender adds little discriminant power when names are
available because practically no Italian name is equal for
males and females (e.g., Giulio and Giulia, or Gabriele and
Gabriella, for males and females, respectively).
In the case of sensitive information, such as the diagnosis
of cancer and human immunodeficiency virus seroconver-
sion, a great effort is mandatory to ensure data confidential-
ity. For this reason, we designed a double-blind procedure
that never discloses names and surnames to the operator and
that removes all personal identifiers at the end of the linkage,
replacing the content of these fields in the output file by
asterisks. In this way, subjects matched are never disclosed
to registry personnel.
Choices of matches based on screen information (stage
2–3) avoided manual verification of more than 80% of possi-
ble records linked. Specificity was evaluated through the
manual revision of linked data from a subset of Italian AIDS
and cancer registries (approximately 300,000 records). The
overall estimated specificity was 253/382 (66%). In particu-
lar, specificity was estimated at 100% (234/234) for phase
0, but poorer results emerged for phase 1 (8/101, 6%), phase
2 (1/9, 11%), and phase 3 (10/38, 26%).
The first version of SALI was developed in 1995. Since
then, it has been used and tested, until the current version,
with virtually all IBM-compatible hardware platforms (PC
with a 286 processor or higher and 4 or more Mb of RAM)
and operating systems (DOS to Windows XP). The onlyDAL MASO, BRAGA, AND FRANCESCHI
operation required to install the software is to copy the
compiled version of SALI (a single executable file of 272
kb) into the computer where the matching will be performed.
SALI was developed in an old-fashioned DOS environ-
ment. However, taking into account the low number of inter-
actions required from the user during the program execution,
re-implementation of the software in a visual environment
resulted in substantial portability problems without signifi-
cant improvement in usability.
The major limitation of SALI is that it requires availability
of name, surname, day, month, and year of birth as necessary
fields. The absence of one of them leads to a significant
loss of specificity. A possibility of enhancement for SALI
is the implementation of use of other key variables, not
presently available. Moreover, the implementation of some
checks to automate stages 2 and 3 without loss of sensitivity
and specificity is another field for future enhancements.
Our software was used to identify subjects who developed
cancer prior to or after an AIDS diagnosis and to evaluate
the burden of HIV/AIDS cancers within the framework of the
still ongoing Cancer and AIDS Registries Linkage (CARL)
Study [14, 19, 25]. It is also worth considering that the
linkage of databases also helps in monitoring the complete-
ness of different linked archives, in the total population or
in particular subgroups, thus contributing to the improve-tems [18].
In conclusion, the software described in the present paper
can be used with every IBM-compatible computer system
and requires minimal hardware platform, assuring uniquely
high portability.
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